Introduction: The popliteus musclotendinous complex is considered to be one of the main stabilizers of the posterolateral corner of the knee having different attachments and variable sites of injuries, the use of MRI helps the radiologists to depict such injuries consistently.
Introduction

Anatomy
As described in a three-layer approach, the popliteus musclotendinous complex is considered to be a layer three structure forming one of the main deep posterolateral stabilizers. 1 The popliteus muscle forms part of the floor of the popliteal fossa. It is triangular in shape, thin and flat in dimensions and is broadly attached to the posterior aspect of the medial surface of the tibia just above the soleal line. 2 It then continues upwards and to the lateral, forming a tough and long tendon that enters through the popliteal opening into the knee joint.
The popliteus tendon passes below two structures, which are the lateral collateral ligament (LCL) and the tendon of the biceps femoris muscle. The tendon is then inserted at the outer side of the lateral condyle of the femur in a bony depression. This tendinous attachment is located anterior and inferior to the attachment of the lateral collateral ligament, which lies more proximally on the lateral femoral epicondyle ( Figs. 1 and 2 ). [3] [4] [5] Just behind the articular cartilage surface of the lateral femoral condyle, the tendinous attachment lies on a wide area relatively about (59 mm 2 ) located at the anterior fifth of the popliteus sulcus. The site of insertion shows a consistent location about 18.5 mm anterior to the FCL insertion site. 6 It is obvious that the popliteus tendon has an intracapsular location, yet extra-articular and extrasynovial in character. As described by most authors, there are variations regarding the deep and superficial layers of the muscle, being more evident at the deep layers. It is found that the superficial fibers blend with the knee joint capsule. 4, 5, [7] [8] [9] [10] The popliteofibular ligament is seen consistently extending from the popliteus tendon close to the myotendinous junction of the popliteus musclotendinous complex reaching to the apex of the styloid process of the fibular head at its posterior aspect, such attachment lies exactly posterior and medial to the site of insertion of the biceps femoris tendon. 12, 13 This ligament is one of the toughest lateral stabilizing structures of the knee, unfortunately it isn't easily recognized but variably visualized at MR imaging as a subtle structure in different sequences 14, 15 as demonstrated in Fig. 3 . 12,13
Mechanism of injury
The mechanism of posterolateral injury is either 1. External rotation of the tibia or abrupt hyperextension of the knee, with concomitant direct varus force or 2. A hit to the anterior aspect of the medial surface of the tibia in an extended knee. [16] [17] [18] 
MRI pattern of injuries
Ligamentous injuries
The ligamentous injuries are graded on MRI into three groups 19 : GRADE 1 sprain: (minor sprain) high signal is seen superficial to an otherwise normal ligament. GRADE 2 sprain: (severe sprain or partial tear) high signal is seen superficial to the ligament, with partial discontinuation of the ligament fibers. GRADE 3 sprain: complete discontinuity and loss of integrity of the ligament.
Musclotendinous injuries
Myotendinous strains can be graded at MR imaging into three groups 20 : GRADE 1/First-degree strain manifested as high signal with a feathery appearance on MR images indicating a minor degree of disruption of the injured fibers. 20,21 GRADE 2/Second-degree strain manifested as partial tear with evident fibers discontinuity in a non-retracted muscle. 20, 21 GRADE 3 /Third-degree strain involves a complete rupture of the myotendinous structure with subsequent retraction and clamping of the involved muscle. 20, 21 A forceful, unbalanced and rather eccentric muscle contraction can result in an acute avulsive injury noticed at the tendon insertion site. 22 And it becomes manifested as periosteal stripping and hematoma on MR images noticed at the tendon attachment site. 23 A fragment of bone or cartilage hanging from the wavy retracted torn tendon end may also be noted. 24 
Subjects and methods
Patients
This is a prospective study conducted among patients subjected to knee trauma and suspected clinically to have PLC injuries, referred to the Radio-diagnosis Department of Alexandria Main Hospital selected with the following inclusion criteria: sport injuries, fall from height, twisting injury and road traffic accident.
The study excluded those with any history of knee operative interference, non-traumatic painful knee, claustrophobic patients and anomalous ossifications of the lateral femoral condyle.
Methods
Patients were subjected to full history taking and thorough clinical examination, CT whenever possible as well as MRI using a 1.5 T Philips Gyroscan Achieva (Best, The Netherlands) closed configuration scanner using a dedicated 8 channels extremity coil as well as using a 1.5 T whole body scanner (Magnetom, Avanto by Siemens, Erlangen, Germany) using a dedicated 8 channels extremity coil.
All patients were subjected to the following MRI protocols: 1. Rapid localizer sequence including axial, coronal and sagittal 
Image analysis
The MR images were carefully examined for evaluation of 1. The presence of injury of the different PLC structures including the lateral collateral ligament, popliteus muscle complex, conjoined tendon, biceps femoris tendon, lateral head of gastrocnemius, popliteofibular ligament and ilio-tibial band, 2. Grading of the injury of the popliteus muscle complex.
Results
Regarding the suggested mechanism of action of the PLC injury, nine (60.00%) patients had a non-contact external rotation injury while six (40.00%) patients were suffering from a direct blow to the antero-medial tibia with hyperextension to the knee.
Regarding the incidence of injury of the popliteus musclotendinous complex among our studied 15 patients with posterolateral corner injuries, eight (53.33%) patients had popliteus complex injuries while five (33%) patients showed injury of the popliteofibular ligament
Regarding the incidence of combined injuries of the popliteus musclotendinous with other posterolateral corner structures, 7 (87.5%) patients showed combined popliteus muscle injuries with other posterolateral structures while one (12.5) patient had isolated popliteus musclotendinous injury. All (100%) patients with popliteofibular ligament injury showed associated injuries of one or more structures of the posterolateral corner.
Regarding the different incidences of the other posterolateral structures affected in the total number of posterolateral corner injured patients, 10 (67.00%) patients had lateral collateral ligament injury, six (40.00%) patients had injury of their conjoined tendon, five (33%) patients showed ill definition of the arcuate ligament suggesting its tear, and similar number (percentage) showed biceps femoris tendon injury while only one (7%) injury of the lateral head of gastrocnemius and illiotibial band were encountered for each in our study.
Regarding the different sites and patterns of injury of the popliteus musclotendinous complex seen in eight of our patients, four (50%) patients showed intra-substance MRI signal denoting grade I strain, three (38%) patient showed MRI signal with partial discontinuation of the musclotendinous fibers denoting grade II strain, and one patient (12.5%) showed grade III strain. Four (50%) patients had myotendinous junction and muscle belly injuries, two (25%) patients had popliteus tendon injury, while two (25%) patients had combined popliteus tendon and popliteus muscle belly injuries. 
Discussion
Radiologists should be familiar with the precise anatomy and attachments of the popliteus musclotendinous complex being one of the main stabilizers of the posterolateral corner of the knee, leading to improvements in treatment and functional outcomes for patients in whom the injury was not clinically suspected.
Regarding the suggested mechanism of action in our study, it was found that there are two main mechanisms of action suggested in patients with posterolateral lateral corner injury; these include a non-contact external rotation twisting injury and a direct blow to the antero-medial tibia with hyperextension to the knee constituting 60% and 40% of our patients respectively. Our results agreed with Baker 25 who suggested that such injuries occur due to blows to the antero-medial aspect of the proximal tibia with the knee hyperextended or to noncontact hyperextension with external rotation. On the other hand our results disagreed with the findings of Brown et al. 26 who could not find any clear mechanism of injury in their study of 24 patients.
Eight (53.33%) of the patients had popliteus complex injuries, 7 (87.5%) of them showed combined popliteus muscle injuries with other posterolateral structures while one (12.5%) had isolated popliteus musclotendinous injury. Five (33%) patients showed injury of the popliteofibular ligament, all of which showed associated injuries of one or more structures of the posterolateral corner. Similar findings were reported by LaPrade et al. 18 stating that 72-87% of PLC injuries were combined ligamentous and tendinous injuries. Also it's clear in our study that isolated popliteus musclotendinous complex were uncommon and encountered in only one (12.5)% of our cases with popliteus injury, and that was similar to the findings of Westrich 27 which showed that less than 10% of the popliteus tears were isolated. Similarly Mirkopulos et al. 28 reported that isolated injuries of the popliteus muscle are unusual found in four patients only in their study.
Our study depicted that the popliteus musclotendinous unit as well as lateral collateral ligament, conjoined and biceps femoris tendons constitutes the mainstay for posterolateral corner integrity of the knee; being the most commonly injured structures con-stituting about 53.33%, 67%, 40% and 33.33% respectively. These results were a little different from those of Theodorous et al. 15 who stated that injury of the lateral collateral ligament was found in 100% of their patients, followed by the biceps femoris tendon (79%) and popliteus complex (36%). Collins et al. 29 found injury of the LCL in 100% of their patients, popliteus muscle injury in 95% and biceps femoris injury in 77.3%. Regarding the site of injury of the popliteus muscle, our study found that injuries of the popliteus muscle most commonly involve the muscle belly and myotendinous junction constituting about 50%, while 25% of our cases showed injury of the popliteus tendon and 25% had combined popliteus tendon and popliteus muscle belly injuries. These findings were matching with Brown et al. 26 who stated that 23 of 24 patients (96%) in their study had a tear of the popliteus that involved the muscular portion and similarly Mirkopulos 28 reported that avulsion injuries at the femoral insertion of the popliteus tendon have been reported; however injuries of the muscle belly and myotendinous junction of the popliteus are far more common.
On the other hand the popliteofibular ligament was described by Wadia et al. 13 as a constant structure, yet in our study it was difficult to be visualized on axial images, but it was more reliably depicted in coronal images just deep to the lateral geniculate vessels which agreed with the findings of Theodorou et al. 15 and Helms et al. 30 and thus injury to the ligament was suggested in 33% of our patients based on its ill definition at the previously described anatomical location compared to normal templates as well as the bony and soft tissue ligamentous disruption noted at the posterior aspect of the apex of the fibular head, just medial to the arcuate ligament attachment. Collins et al. 29 found the popliteofibular ligament to be disrupted in 82.6% of their patients. In one study done by Yu et al. 31 use of a coronal oblique plane compared with a standard coronal plane improved visualization of this ligament from 8% of knees to 53%. However, this oblique plane unfortunately wasn't done in our study to avoid patient discomfort due to prolonged examination time.
Conclusion
We concluded that among the different PLC structures, the most common structures injured are the fibular collateral ligament, biceps femoris tendon, conjoined tendon and popliteus musclotendinous complex. The anatomy and different attachments of the popliteus musclotendinous complex should be thoroughly examined by the radiologist specially when a clinical suspicion of posterolateral instability is encountered. The most common site of injury was found to be the muscle belly and myotendinous junction while the most common type of injury was found to be grade I strain.
